This performance-based study was conducted to investigate the effects of seismic coefficients on performance of concrete special moment frames of 5,7, and 10-storey buildings located in Tehran, Iran. The structures are designed three-dimensionally by ETABS 2016 software according to ACI-318-08. Fifteen specimens were designed with different base shears having seismic coefficients of 0.7, 0.85, 1, 1.15, and 1.30 times the proposed value of Iranian Standard 2800, (i.e. decreased by 70 and 85%, and increased by 115 and 130%). Endurance time method (ETA20in series of ET acceleration function) as well as three real earthquake records was employed to evaluate the seismic performance of the modeled structures. The performance of structures was compared by the time of the first plastic hinges formation in beams and columns, the time of entering to nonlinear region and the time of experiencing storey drift of 2% corresponding to the life safety performance level. It was observed that the results of ET records and real records were similar to each other. A procedure was proposed for finding optimum structure with lower weight using ET method through defining efficient ratio (ER) and cost ratio (CR). Based on the results of ER/CR ratio and considering the importance of collapse prevention performance level, optimum structure was a 7-storey structure with lower weight or cost whose seismic coefficient had been reduced by 70%. It was concluded that high safety can not be achieved simply by increasing the seismic coefficient of structures.
Introduction
The stability of the building against earthquakes is a necessity. Many studies have been conducted on estimating the performance of structures during and after earthquakes to prevent destruction and death caused by earthquake. This valuable goal has led to the emergence of many regulations and standards aimed to advance previous rules. One of these methods has been developed by SEAOC Vision 2000 Committee in 1995 [1] called performance-based earthquake engineering where structural design criteria are expressed in terms of achieving a set of different performance levels including Collapse Prevention (CP), Life Safety (LS), or Immediate Occupancy (IO). Ordinary buildings are expected to provide less than a 2% chance over 50 years of damage of exceeding CP performance [2, 3] . Recently, time history (TH) methods that generate more accuracy compared to simple methods have been developed to predict seismic behavior of structures. The standard methods although have high accuracy but due to time-consuming process, they are difficult to be used. In this regard, a new technique for time history seismic analysis of structures has been developed where the structure is subjected to accelerograms that impose increasing dynamic demand on the 94 structure with time [4] .This technique is called Endurance time (ET) method. It is a dynamic pushover procedure. This seismic analysis method utilizes specific intensifying acceleration functions to analyze seismic behaviors. Using this method, it is possible to estimate the structural response at different equivalent seismic intensity levels. The use of ET method, reducing the required computational effort, allows the use of different optimization methods to determine the design parameters. Its basic concepts were introduced by Estekanchi et al [5] , and its first application in linear seismic analysis was conducted by them in 2007 [6] . Currently, this method has applications in seismic assessment of various structural types and in different areas of earthquake engineering. This procedure tends to pave a way for practical performance-based design of structures [7] .
Almost all of recent studies found in literature have been conducted by Iranian authors especially by Estekanchi and his colleagues. For example, Valamanesh and Estekanchi [8] proposed a procedure for three-directional seismic analysis of buildings and investigated application of ET method to several steel moment frames. The Frames were analyzed under ET acceleration functions in horizontal and vertical directions simultaneously and results were compared to response history analysis. They found out that ET method can predict the results from multi-component analysis, including vertical excitation, with reasonable accuracy. Riahi et al. [9] investigated the use of ET method in nonlinear seismic analysis of steel structures. They applied a set of three acceleration functions to various steel moment frames and the results of analysis were compared to the results of incremental dynamic analysis. It was proved that this method can be used in nonlinear analysis of structures. In a similar study, Estekanchi et al. [7] used ET method in seismic assessment of steel frames. It was shown that ET analysis can estimate the results of full response history analysis with reasonable accuracy at different excitation levels. ET analysis results are also shown to be reasonably consistent for different material models. The seismic response of unanchored steel liquid storage tanks was investigated by Alembagheri and Estekanchi [10] using the ET method and compared to responses obtained for anchored tanks under actual ground motions and intensifying ET records. It was observed that uplifting of the tank base can be predicted with reasonable accuracy by using currently available ET records. Valamanesh et al. [11] used ET method in studying seismic analysis of concrete gravity dams. For this purpose, Results from linear analysis of Folsom and Koyna dams under real earthquakes and ET acceleration functions were compared. It was shown that the ET method can predict the response of concrete gravity dams to individual earthquakes with reasonable accuracy in linear analysis. Tavazo et al. [4] proposed a procedure for linear seismic analysis of shell structures and applications of this method was investigated for several cases of shell structures. These structures were analyzed under three ET acceleration functions in one direction and the results then were compared to time history analysis considering seven actual earthquake records. The results of the ET method also were compared to response spectrum analysis method. Results revealed that the ET method predicts the linear seismic performance of shell structures with acceptable precision and significant reduction in analysis time. Basim and Estekanchi [12] studied application of ET method in value-based seismic design of structures. They introduced new design methodology based on the total value of the structure namely Value Based Design (VBD) of structures by the use of ET method. Their optimization goal was to minimize the total cost of the structure during its life span resulting in maximized value of the structure in its life time. Amouzegar and Tajmir Riahi [13] studied seismic performance of a comprehensive database of reinforced concrete moment-resisting frames using ET and time history analysis. Ground motions used in this study were spectrally matched to the design spectrum used for the generation of the input motions of ET analysis. The ET method was shown to provide an estimate of maximum inter-storey drift ratio, roof displacement and plastic hinge rotations that was very close to the results of time history analysis. According to them, this method can also correctly predict the distribution of displacement and lateral forces over all storeys. Their results reported that input motions of the ET method, generated based on a design response spectrum can be used to assess frames at different seismic hazard levels correctly. Maleki-Amin and Estekanchi [14] evaluated various damage indices of a steel moment frame at two hazard levels via nonlinear time-history analyses of the structure under scaled earthquakes and ET records. They observed that in steel moment-resisting frames, the frame damage estimation can be improved by modifying the target time of ET records based on damage spectra.
In this performance-based study we evaluated the effect of seismic coefficient variations on resistance of buildings against earthquakes. The seismic coefficients are dimensionless coefficients which represent the (maximum) earthquake acceleration as a fraction of the acceleration due to gravity. Considering the applicability of ET method in seismic analysis of concrete structures, by changing the base shear and examining its effect on three 5, 7, and 10-storey structures with concrete special moment frames in Tehran, Iran, we attempted to define a procedure for finding optimum structure with lower weight or cost using ET method. We examined performance of structures with respect to the time of first plastic hinges formation in beams and columns, and time of entering to nonlinear region as well as inter-story and residual drifts of nine ET records and three real earthquake records.
Concept Of Endurance Time Method
In ET method, the main structural responses such as displacement, storey shift, tension, force, stress, rotation of plastic joints, and other related parameters during the analysis are measured. The structural responses are illustrated against time (intensity) and are evaluated based on damage levels corresponding to various equivalent excitation intensities. The time and damage indexes (performance measures) are the key factors in this method. The performance of a structure is evaluated based on the time when the damage limit index is exceeded [5] . In ET method, it is assumed that three structures are on the shaking table. Then the table is subjected to a random vibration whose intensity increases gradually. At the start of experiment, all structures are stable. Then, experiment begins by imposing an intensifying ET acceleration function. It is observed that up to 5th second (for example), the vibration intensity of the table is low and all the structures are stable. At 5th second, Frame 2, and then at 15th second Frame 1 and finally at 20th second Frame 3 are collapsed. So, it can be concluded that Frame 2 that has weaker performance (with lowest endurance time) and Frame 3 has stronger performance among studied structures which would be more resistant against seismic excitation compared to Frame 1.
The methodology of ET method is summarized in Figure 1 .The most important component of ET method is ET acceleration functions: "ET excitation functions are in the form of artificial accelerograms created in such a way that each time window of them from zero to a particular time produces a response spectrum that matches a template spectrum with an increasing scale factor" [12] . The ET accelerogram is created so that at a predefined time (tTarget ) its response spectrum reaches a pre-specified template response spectrum. The results of the ET method are usually interpreted by a curve called "ET Response/ Performance Curve". The target response of ET acceleration functions are defined as:
Where SaT (T , t) is the target acceleration response at time t, T is the period of free vibration, Sac (T ) is the codified design acceleration spectrum, and SuT (T , t) is the target displacement response at time t. The studied structures are three concrete special moment frames with 5, 7, and 10 storeys located in Tehran, Iran on soil type C conditions which were three-dimensionally modeled and designed using ETABS 2016 software according to seismic loading requirements of ACI-318-08 (see Figure 2) . Their geometries are similar to each other having three spans of 5, 6, and 5 m and a floor height of 3 m. Design of special moment frames was according to Iranian Code of Practice for Seismic Resistant Design of Buildings (Standard 2800) using spectral analysis technique. Their importance factor (I), design base acceleration (A), and reflection coefficient (B) were set as 0.35, 1, and 1.288, respectively. Also, their behavior factor (R) was considered as 7.5 according to Standard 2800 with a damping ratio of 5%. In this regard, Seismic coefficients (C) for these structures were then obtained as 0.0851 for 5-sorey, 0.0657 for 7-storey, and 0.0537 for 10-storey frames. For all structures, story live load, story dead load, roof live load, partition load, and roof snow load are 200, 350, 150, 100, and 126 kg/m 2 , respectively.
Due to the use of spectral analysis technique, response-spectrum base shear was matched with 85% of the static base shear. The initial base shear of the structures was calculated in accordance with the fourth edition of Standard 2800. Then, test specimens were generated with different base shears having seismic coefficients of 0.7, 0.85, 1, 1.15, and 1.30 times the proposed value of Standard 2800 (0.7C, 0.85C, 1C, 1.15C, and 1.30C). This was done to examine different structural behavior in a broad nonlinear range. The design base acceleration (A) for these structures was calculated as 0.245, 0.2975, 0.35, 0.4025, and 0.455 for those with 0.7C, 0.85C, 1C, 1.15C, and 1.30C seismic coefficients, respectively. Table 1 . presents the specifications of these specimens. Since design base acceleration of Tehran is equal to 0.35g, it was considered as a basis for comparing the optimality of structures.
Compressive strength of the used concrete is 300 kg/cm 2 , while for transverse reinforcement (A-II class), they were 3000 and 4500 kg/cm 2 , respectively. Modeling the non-liner behavior of concrete and steel materials was conducted by using hysteresis curves. In this regard, Kinematic hysteresis model was used for steel modeling. It is based on kinematic hardening behavior and is the default hysteresis model for all metal materials. Upon unloading and reverse loading, the curve follows a path made of segments parallel to and of the same length as the previously loaded segments and their opposite-direction counterparts until it rejoins the backbone curve when loading in the opposite direction. This behavior is illustrated in Figure 3 . Takeda hysteresis model also was employed for concrete modeling according to the software guide recommendation. This model was proposed by Takeda et al. [15] . It is very similar to the kinematic model, but uses a degrading hysteretic loop. Unloading is along the elastic segments similar to the kinematic model. When reloading, the curve follows a secant line to the backbone curve for loading in the opposite direction. The target point for this secant is at the maximum deformation that occurred in that direction under previous load cycles. This results in a decreasing amount of energy dissipation with larger deformations. The behavior is shown in Figure 4 . This model is often used in a storey-based earthquake response analysis. For more information, see Reference [15] 
Time history records
In addition to ET records (see Section 3.3), in this study we extracted ground motion records of the earthquakes of Chi-Chi (Taiwan, 1999) with PGA= 0.47 and M (magnitude) = 7.62, Kobe (Japan, 1995; PGA= 0.48 and M = 7.13), and Hector Mine (southern California, 1999; PGA= 0.32 and M = 6.9) from Pacific Earthquake Engineering Research Center (PEER) ground motion database for soil type C condition. Figure 5 . presents acceleration functions of real records. Scale factors of these real records for 5, 7, and 10 storey structures were obtained as 1.65, 1.71, and 2.31 based on the design base acceleration of Tehran (A=0.35g) and their SRSS. After matching ET records with real records, they were applied to linearly designed structures three times, and then their inter-story and residual drifts were measured and their results, in addition to ET results, were used for determining the structure with best performance.
Application of ET method in nonlinear analysis
For the analysis of structures with ET method, acceleration functions of ETA20in series of ET acceleration function (ETAF) were used based on the soil type C presented in FEMA 440 [16] ; these sets are named as ETA20inx01-3, ETA20iny01-3, and ETA20inz01-3 (9 accelerograms). They have an endurance time of 20 s and their code spectrum is based on Standard 2800. They also support nonlinear ranges. Figure 6 . presents acceleration functions of ETA20in01 accelerograms, as a sample. The target time was set to t = 10s according to Standard 2800. ET acceleration functions considered in this study were calibrated in such a way that their response spectra only match that of the template code spectra at 10s.
In order to be in agreement with the seismic codes, each of ET functions was scaled. To do so, it was supposed that the average SRSS spectrum for all EA accelerograms should not fall below 1.3 times the Standard 2008 spectrum for a period of 0.2T-1.5T (T= Main period of vibration for each frame). 
Results
In this section we compared endurance time of structures after subjecting them to ET records based on the time of first plastic hinges formation and the time of entering to nonlinear region as well as their inter-story and residual drifts. In addition, maximum inter-story and residual drift results of structures under real earthquake records were evaluated. Based on total results, the best structure with lower weight or cost was determined.
Structures with Better Performance Based on the Time of First Plastic Hinges Formation
According to the time of plastic hinges formation in beams and columns of structures shown in Table 2 , it was reported that 5-story with 1.15C, 7-storey with 0.7C, and 10-storey with 1C had better seismic performance at IO-LS level compared to other structures. At LS-CP level, 5-story with 0.85C, 7-storey with 1.3C, and 10-storey structures with 0.85C showed greater performance. Also, 5-story with 0.7C, 7-storey with 1.3C, and 10-storey with 0.85C structures were reported as having better performance at CP level. 
Structures with Better Performance Based on the Time Of Entering to Nonlinear Region
From the results presented in Table 3 , it was found that the 5-storey structure with 0.85C had better performance compared to other 5-storey structures when the beams and columns enter to nonlinear region and forming first plastic hinge. In 7-storey structure, the endurance time in beams was higher in the structure with 1.30C, and those with 0.7C and 0.85C had almost same endurance times, but considering the values of the columns and their entrance to the nonlinear region as well as importance of columns relative to beams, it can be said that the 7-storey structure with 0.7C had better performance compared to others. Similar to 7-storey structure, 10-storey structure with 0.7C showed stronger performance. 
Structures with Better Performance Based on Inter-Story Drift Ratio
According to FEMA 356 [17] , the typical suggested values of inter-story drifts are 1% for IO performance level, 2% for LS performance level and 4% for CP performance level for concrete frame structures. After subjecting to ET records, endurance time of structures at three performance levels considering the global acceptance criteria of interstory drifts were measured and presented in Table 4 . Among 5-storey structures, at IO performance level and 1% interstory drift (ID), the one with 0.7C had higher endurance time (7.78s). At LS level with 2% ID, structures with 1C and 1.15C showed higher endurance time, but considering the structural weight, 5-storey with 1C revealed stronger performance (endurance time = 16s). Also, at CP level with 4% ID, results indicated that the structure with 1.3C had higher endurance time (21.66s) and hence, had better performance.
Among 7-storey structures, the one with 1C showed better performance at IO level and 1% ID (endurance time = 13.37s). At LS level and 2% ID, structures with 0.85C and 1.3C had higher endurance time, but considering the structure weight, 0.85C had stronger performance (endurance time = 15.75s). At CP level and 4% ID, 1.15C showed stronger performance by considering the weight of structure (endurance time= 23.44s).
Finally, results for 10-storey structures revealed that 1.3C with an endurance time of 7s had better performance at IO level and 1% ID, while at LS level and 2% ID, 1.15C showed better performance by considering the weight of structure (endurance time = 8.5s). At CP level and 4% ID, 1C showed better performance (endurance time = 18.65s) with respect to its weight which is lower than that of 1.15C and 1.3C. 
Structures with Better Performance Based on Residual Drift
Residual drift (RD) of structures resulted from subjecting to ET records are presented in Figure 8 . Results showed that 5-storey frame with 1.3C seismic coefficient, 7-storey frame with 0.85C seismic coefficient (considering its lower weight compared to 1.3C), and 10-storey with 1.3C seismic coefficient (considering its lower weight compared to 1.15C) had the best performance among specimens, since they had the lowest RD ratios of 13, 24, and 14%, respectively. 
Structures with Better Performance Based on Residual and Maximum Inter-Story Drifts under Real Records
Residual and inter-story drifts results of structures affected by real records are presented in Table 5 . and Figure 8 , respectively. They revealed that among 5-storey frames, the specimen with 1.15C had better performance since it had the lowest RD (0.66%) and maximum ID (0.71%). Among 7-storey frames, 0.7C showed better performance with RD ratio of 0.71% and maximum ID ratio of 0.68%. Also, results of 10-storey frames indicated that the specimens with 0.7C and 1.15C had good performance but by considering the lower weight of the specimen 0.7C compared to 1.15C, it was found out that 0.7C had the best performance against real earthquake records, although its RD was higher (RD= 0.12%, maximum ID = 0.11%).
Results shown in Figure 8 , indicated that at 5-storey structures, maximum ID was recorded at the third floor where it was found out that by increasing the seismic coefficient proposed by Standard 2800 as 115% better performance could be obtained under real earthquakes. At 7 and 10-storey structures maximum ID was observed the sixth floor in which better performance could be obtained when the seismic coefficient was reduced by 70%. 
Determining Optimum Structure
For determining optimum structure by the means of ET and real records, first we defined Cost Ratio (CR) and Efficient Ratio (ER). For both methods, CR can be obtained from dividing the weight of specimens into the weight of modeled structures (i.e. those with 1C). For calculating ER using ET method, we can divide the endurance time of specimens into the endurance time of modeled structures. Now, by dividing ER into CR we can define a criterion for finding the optimum structure based on ET records.
Their results for three performance levels by using ET method are compared in Figure 10 . Based on these results we found out that at IO performance level, 5-storey with 0.7C (ER/CR =1.464), 7-storey with 1C (ER/CR =1), and 10-storey with 1.3C (ER/CR =2.706) had better performance. In this regard, we can say that IO performance of low and high rise buildings can be optimized by decreasing seismic coefficient as 70%, while for mid-rise buildings, no need for change in seismic coefficient proposed by Iranian Standard 2800 in order to have optimum IO performance. For high-rise buildings, seismic coefficient should be increased by 130% for having the optimum IO performance. At LS performance level, 5-storey with 1C )ER/CR =1), 7-storey with 0.85C )ER/CR =1.1010), and 10-storey with 1.3C )ER/CR =1.1417) showed stronger performance, So, we can claim that in low-rise buildings the optimum LS performance can be obtained with the seismic coefficients proposed by Standard 2800 and there is no need for change, but in mid-rise buildings it should be decreased by 85% while for high-rise buildings the seismic coefficients proposed by Standard 2800 should be increased by 130% in order to have optimum LS performance. Moreover, at CP performance level, results reported that 5-storey with 1C )ER/CR =1), 7-storey with 0.7C)ER/CR =1), and 10-storey with 1C )ER/CR =1) showed better performance. In this regard, it can said that low and high-rise buildings require no change in their seismic coefficients proposed by Standard 2800 to have optimum CP performance, but in mid-rise buildings the proposed seismic coefficient should decreased by 70%.
For calculating ER using real records, we can divide the inter-story drift of specimens into the inter-story drift of modeled structures. ER/CR results of specimens using real records are shown in Figure 11 . Based on these results, it was observed that 5 and 7-storey with 0.7C (ER/CR =1.3892 and 1.0691, respectively) and 10-storey with 0.85C )ER/CR =1.1268) had better performance against real earthquake records which was almost similar to the results of structures using ET records. 
Conclusion
In this study, performance of three concrete special moment frames with 5, 7, and 10 storeys located in Tehran, Iran was assessed by using ET method. The specimens had different base shears, corresponding to different seismic coefficients of 0.7, 0.85, 1, 1.15, and 1.30 times the proposed values of Iranian Standard 2800. Based on the results, it was found out that: better performance cannot be achieved in low and high-rise buildings by increasing the seismic coefficients, but in mid-rise buildings we can reach better performance against earthquake by the increase of seismic coefficient. Inter-story drift results obtained according to FEMA-356 and considering the importance of CP performance level revealed that by increasing seismic coefficient, only mid-rise buildings could have better performance against earthquake. Based on residual drift, by the increase of seismic coefficient, low and high-rise buildings can perform better than mid-rise buildings. According to the results of ER/CR ratio and considering the importance of CP performance level, optimum structure was a mid-rise structure whose seismic coefficient had been reduced by 70%. In low and high-rise buildings, optimum structure was the one with unchanged seismic coefficient. Random parameters of EA accelerogram can have significant impact on the structure and its damage; so it is necessary to select appropriate EA accelerometers for seismic analysis. Choosing different damage indices for structures in EA method can result in different endurance time for them. The structures that are designed according to the Standard 2800 do not necessarily have the best performance considering the cost (more weight) that has been allocated to them. Moreover, it was observed that the results of ET records and real records were close to each other. We concluded that high safety cannot be achieved simply by increasing the seismic coefficient and the weight of structures. We recommend further studies on concrete special moment frames with irregular plan or on concrete structures with intermediate moment frame. The procedure defined in this study for finding optimum structure can also be used in steel moment frames. 
